Background Almost all patients with advanced gastric cancer will eventually develop progressive disease after first-line chemotherapy. However, the role of subsequent salvage chemotherapy remains controversial. The purpose of this study was to evaluate prognostic factors for the survival of patients with advanced gastric cancer who received third-line chemotherapy. Methods We reviewed 502 patients with advanced gastric cancer who received palliative chemotherapy at the Onocology Department of Hwasun Chonnam National University Hospital (2004. Among them, 174 received third-line chemotherapy. To evaluate the clinicopathologic factors that affected overall survival, univariate and multivariate analyses were performed on the baseline factors before beginning third-line chemotherapy. Results Multivariate analysis found 4 prognostic factors affecting poor survival following third-line chemotherapy: performance status of 2-3 (hazard ratio [HR] 1.46, 95% confidence interval [CI] 1.06-2.02; P = 0.022), serum albumin level \ 4 mg/dL (HR 1.82, 95% CI 1.32-2.53; P \ 0.00), poor histologic type (HR 1.77, 95% CI 1.27-2.47; P = 0.001), and progression-free survival of \2.7 months following second-line chemotherapy (HR 1.51, 95% CI 1.09-2.08; P = 0.012). A prognostic index was constructed, dividing patients into low-(0-1 factor), intermediate-(2 or 3 risk factors), or high-(4 risk factors) risk groups. Median survival times for each group were 11.8, 6.7, and 3.3 months, respectively (P \ 0.00). Conclusions This analysis suggests that some clinicopathologic factors might be helpful in identifying the subgroup of patients most likely to benefit from third-line chemotherapy for advanced gastric cancer.
Introduction
Gastric cancer is the fourth most common cancer and second most common cause of cancer-related deaths worldwide [1] . Even though efforts for early detection are made in Asia, more than two-thirds of patients present with inoperable advanced or metastatic disease [2] . In addition, the recurrence rate following curative surgery has been reported to be 40-60% [3, 4] . Therefore, palliative chemotherapy may play a very important role in the treatment of patients with advanced gastric cancer.
Previous studies have shown that palliative chemotherapy attenuates symptoms, enhances quality of life, and prolongs survival [5] [6] [7] . In the meta-analysis reported by Wagner et al. [8] overall survival (OS) was prolonged by approximately 6 months.
Many chemotherapeutic agents have been investigated over the past decades, such as 5-fluorouracil (5-FU), cisplatin, anthracyclines, taxanes, oral fluoropyrimidine, irinotecan, oxaliplatin, and targeted agents including trastuzumab [9] [10] [11] [12] [13] [14] [15] . Despite the recently reported benefits of chemotherapeutic agents, the 5-year survival rate for advanced or recurrent gastric cancer is still around 5-20%, and the median survival time of these patients remains between 8 and 13.8 months [10] [11] [12] [13] [14] [15] .
Most patients with advanced gastric cancer eventually progress after first-line chemotherapy. Because of the acceptable toxicity of new chemotherapeutic agents and the improvements in supportive care, the number of patients who maintain a good general condition after the failure of first-line chemotherapy has increased. As a result, the number of patients who are good candidates for secondline and subsequent chemotherapy has also increased. However, there is no established subsequent salvage chemotherapy for gastric cancer following failed first-line chemotherapy. Only one recent randomized prospective trial, which compared irinotecan-based second-line chemotherapy with the best supportive care, suggested the potential role of second-line chemotherapy [16] . Despite the lack of evidence of the benefit of salvage chemotherapy, a common practice is to offer further chemotherapy for selected patients after first-line failure. According to many retrospective analyses, second-and third-line chemotherapy is used in 20-50% and 15-30% of patients, respectively [17] [18] [19] [20] [21] .
In this situation, the selection of patients for further chemotherapy has become an important issue. There are several reports of prognostic factors for survival time in second-line chemotherapy [18] [19] [20] . These include performance status, serum albumin level, the presence of liver or peritoneal metastases, and progression-free survival (PFS) on first-line chemotherapy. However, the prognostic factors in third-line chemotherapy remain unclear.
The aim of this analysis was to identify clinicopathologic factors of survival in patients with advanced gastric cancer who received third-line chemotherapy. Consideration of these factors may assist clinicians in the selection of patients for subsequent salvage chemotherapy.
Patients and methods
We screened patients with advanced gastric cancer who had received palliative chemotherapy between June 2004 and December 2008 at Hwasun Chonnam National University Hospital.
The inclusion criteria were as follows: (1) histologically proven gastric adenocarcinoma; (2) treatment with thirdline chemotherapy after first-and second-line chemotherapy, due to disease progression, unacceptable toxicity, or patient's refusal; (3) presence of measurable or evaluable lesions; and (4) availability of clinical data for palliative chemotherapy. Of the 502 patients screened, 174 fulfilled the inclusion criteria and were enrolled in this retrospective analysis.
Performance status (PS) was evaluated according to the Eastern Cooperative Oncology Group (ECOG) criteria. The clinical tumor response was assessed after every 2 or 3 courses of chemotherapy, according to the Response Evaluation Criteria in Solid Tumors (RECIST version 1.0).
Chemotherapy regimens were divided as follows: (1) taxane (paclitaxel or docetaxel) monotherapy; (2) taxane and cisplatin; (3) taxane, cisplatin, and 5-FU; (4) irinotecan monotherapy; (5) irinotecan and 5-FU; (6) oxaliplatin and 5-FU; (7) infusional 5-FU and cisplatin; (8) oral fluoropyrimidine (capecitabine or S-1) and cisplatin; and (9) oral fluoropyrimidine monotherapy.
Factors included in the univariate analyses were as follows: age, sex, PS, hemoglobin, serum albumin, carcinoembryonic antigen (CEA) level, previous gastrectomy, histologic grade, Lauren classification, tumor location, metastasis to liver, metastasis to peritoneum, number of metastatic sites, objective response to first-and second-line chemotherapy, disease control in first-and second-line chemotherapy, and the PFS of first-and second-line chemotherapy. Laboratory variables were initially recorded as continuous variables and later dichotomized according to the median value of each variable.
The primary endpoint of this study was OS. OS was measured from the first date of the third-line chemotherapy to death from any cause or the last follow-up visit. OS and PFS were estimated according to the Kaplan-Meier method, and the statistical significance of differences in survival curves between 2 groups was tested with a logrank test. A prognostic model was established by searching all variables that significantly influenced OS at P values of \0.05 in the univariate analysis. Multivariate analysis for prognostic factors was performed using Cox's proportional hazards regression model. P values of \0.05 were considered statistically significant, and all P values corresponded to 2-sided significance tests. All statistical calculations were carried out using the SPSS 18.0 software package (SPSS, Chicago, IL, USA).
Results

Patient characteristics
A total of 502 patients received first-line chemotherapy in this study period, and 352 patients (70.1%) received second-line chemotherapy. Of the 502 patients, 174 (34.7%) met the eligibility criteria. The baseline clinicopathologic characteristics of the patients at the start of third-line chemotherapy are shown in Table 1 . The median age of the patients was 58 years, with a range of 19-76 years. A total of 121 patients (69.5%) were male, and 84 patients (48.3%) had an ECOG PS of 2-3. A total of 97 patients (55.7%) had had a previous gastrectomy, in either a curative or a palliative setting.
Treatment
The most commonly used first-line chemotherapy regimens were taxanes and cisplatin (n = 84, 48.3%) ( Table 2 ). For second-line chemotherapy, oral fluoropyrimidine monotherapy (n = 58, 33.3%) or an irinotecan and 5-FU combination (n = 39, 22.4%) were frequently used. Third-line chemotherapy consisted mostly of regimens containing oxaliplatin and 5-FU (n = 60, 34.5%), oral fluoropyrimidine monotherapy (n = 37, 21.3%), and irinotecan and 5-FU (n = 36, 20.7%). As far as possible, no patients were treated with the same anticancer drug as that used previously, to avoid possible cross-resistance and potential cumulative toxicity. However, one patient was treated with S-1 in third-line chemotherapy, which had been used in second-line chemotherapy.
Response and survival
A complete response to third-line chemotherapy was achieved in two patients (1.1%), and a partial response was 2) in first-line, 2.7 months (95% CI 2.4-3.0) in second-line, and 2.6 months (95% CI 2.4-2.8) in third-line chemotherapy.
The median survival time from the start of first-line chemotherapy was 18 months (95% CI 16.8-19.0); it was 11 months (95% CI 9.8-12.2) from the start of second-line chemotherapy, and 6.4 months (95% CI 5.3-7.4) from the start of third-line chemotherapy (Table 3) .
Univariate and multivariate analyses
In the univariate analysis (Table 4) , seven variables were significantly associated with a shorter survival time: ECOG PS of 2-3, serum albumin \ 4.0 g/dL, poor histologic grade, diffuse type, non-disease-controlled group for firstline chemotherapy, non-disease-controlled group for second-line chemotherapy, and a PFS of second-line chemotherapy of \2.7 months.
Cox multivariate analysis included all variables that were found to have prognostic significance in the univariate analysis (Table 5 ). The results of the analysis identified the following four independent prognostic factors that correlated with shorter survival time in third-line chemotherapy: ECOG PS of 2-3 (HR 1.46, 95% CI 1.06-2.02; P = 0.022), serum albumin \ 4.0 g/dL (HR 1.82, 95% CI 1.32-2.53; P \ 0.001), poor histologic grade (HR 1.77, 95% CI 1.27-2.47; P = 0.001), and PFS of second-line chemotherapy of \ 2.7 months (HR 1.51, 95% CI 1.09-2.08; P = 0.012).
A prognostic index was constructed by incorporating all four prognostic factors. The prognostic grouping of the 174 patients was carried out according to the following criteria: low-risk group, patients with zero to one prognostic factor (n = 41); intermediate-risk group, patients with two or three prognostic factors (n = 104); and high-risk group, patients with four prognostic factors (n = 29). Figure 1 shows the survival of these three risk groups. There were highly significant survival differences among the three risk groups (P \ 0.00). Median survival times for the low-, intermediate-, and high-risk groups were 11.8, 6.7, and 3.3 months, respectively. The one-year survival rates for each group were 41.5% (95% CI 34.1-48.8), 20.2% (95% CI 14.2-26.2), and 3.4% (95% CI 0-6.2), respectively. The six-month survival rates for each group were 75.6% (95% CI 69.2-82), 54.8% (95% CI 47.4-62.2), and 13.8% (95% CI 8.7-18.9), respectively. When compared with the low-risk group, the intermediate-and high-risk groups had 1.8-fold (HR 1.76, 95% CI 1.19-2.62) and 5.4-fold (HR 5.41, 95% CI 3.19-9.18) higher risks of death, respectively.
Discussion
Despite the development of new agents, many patients who receive palliative chemotherapy for advanced gastric cancer do not respond to first-line chemotherapy, and all patients eventually progress. The decision as to whether to use subsequent salvage treatment needs to be made. However, little is known about the survival benefit, feasibility, and prognostic factors of subsequent salvage chemotherapy after the failure of first-line chemotherapy. Nevertheless, at least half CR complete response, PR partial response, SD stable disease, PD progressive disease, ORR overall response rate, DCR disease control rate, 95% CI 95% confidence interval, PFS progression-free survival from the first date of each line of chemotherapy, MST median survival time from the first date of each line of chemotherapy of the patients who fail first-line chemotherapy are candidates for further treatment. We can suggest several reasons for supporting this clinical practice. As previously stated, the number of patients who maintain a good PS after the failure of first-or second-line chemotherapy has been increasing. In this situation, patients and physicians experience difficulty in accepting only supportive care without additional chemotherapy. One of the important aims of palliative chemotherapy is to improve quality of life (QoL). In a prospective report, improvement of QoL was demonstrated in patients with advanced gastric cancer who were treated with second-line chemotherapy [22] . In addition, although the reported response rate of second-or third-line chemotherapy was low, the disease control rate (DCR) ranged from 19 to 60%, and favorable toxicities were reported in several phase-II trials of second-and third-line chemotherapy [18, 21, [23] [24] [25] .
Clearly, subsequent salvage chemotherapy after firstline treatment may not be beneficial for all patients. It is necessary to select the subgroup of patients who may benefit from salvage chemotherapy, because there is also potential for toxicity and adverse effects from the treatment.
Several studies have identified prognostic factors for patients with metastatic gastric cancer undergoing first-line chemotherapy [17, 26, 27] . These include PS; liver, bone or peritoneal metastasis; alkaline phosphatase level; albumin level; ascites; and the number of metastatic sites. Several prognostic factors have been suggested to affect survival in second-line chemotherapy [18] [19] [20] . ECOG PS; serum albumin; hemoglobin; C-reactive protein; CEA; duration of PFS under previous chemotherapy; liver, bone, or peritoneal metastasis; number of metastatic sites; and previous gastrectomy have been consistently reported as major prognostic factors with palliative chemotherapy from first-to second-line chemotherapy.
Only one report recently suggested histologic grade (P = 0.07) and chemotherapy (P = 0.056) as possible prognostic factors in third-line chemotherapy; however, they did not show statistical significance [21] . Therefore, the identification of prognostic factors allowing for the selection of patients who are likely to benefit from thirdline chemotherapy remains to be determined.
The present analysis, which was based on the individual data of 174 patients treated with third-line chemotherapy, identified 4 independent prognostic factors: ECOG PS, serum albumin level, histologic grade, and PFS of secondline chemotherapy. We also showed that our prognostic index allowed for the stratification of three distinct risk groups. In previous studies, similar forms of prognostic indices were used to define risk groups. The results of the present study were rather similar to those reported in other series, including patients treated with first-and second-line chemotherapy [17, 18, 26] .
It is a well-known fact that ECOG PS is an important prognostic factor in advanced gastric and other cancers [12, 18] . Regarding palliative treatment, it is very important that salvage chemotherapy is limited to patients with good PS.
In the present study, patients with longer PFS under second-line chemotherapy had longer survival times from the start of the third-line chemotherapy. PFS or time to progression (TTP) under first-line chemotherapy was reported as a prognostic factor of second-line chemotherapy [18, 19, 28] . Gastric cancer is a group of heterogeneous diseases that differ in the expression of cell-signaling molecules and have a varying degree of metaplasia [29] . Therefore, the growth, response rate, and duration of response to chemotherapy of each kind of tumor have great diversity [29] . Patients with a longer PFS under previous chemotherapy either have a chemosensitive tumor or a slow tumor growth rate; as a result, patients in this heterogeneous group may have a longer survival duration when undergoing additional chemotherapy.
The present study also indicates that a significant prognostic factor in palliative chemotherapy is PFS or DCR, not the response rate itself. In advanced gastric cancer, many patients have non-measurable lesions such as peritoneal metastases, ascites, and bone metastases. For this reason, PFS might reflect the presence of chemosensitivity better than the response rate, especially in secondor third-line chemotherapy. Even if patients do not show a good response to chemotherapy, if their disease remains stable and they have a longer time to progression, we consider that these patients may have a survival benefit from subsequent salvage chemotherapy. Serum albumin level has been reported as a prognostic factor in advanced gastric cancer [17, 19] . Patients with advanced gastric cancer with gastric outlet obstruction or peritoneal dissemination experience inadequate nutritional intake. The serum albumin level reflects the patient's nutritional condition. Furthermore, the prognostic value of albumin may be secondary to an ongoing systemic inflammatory response [30] .
In our study, the group with poor histologic grade showed a short survival benefit from third-line chemotherapy. When interpreting this result, we considered that signet ring cell carcinoma was a major and independent factor of poor prognosis due to its specific characteristics, including more infiltrative tumors showing affinity for lymphatic tissue with higher rates of peritoneal carcinomatosis, regardless of the tumoral clinical presentation [31] .
A potential weakness of the present study was its retrospective nature ; thus, some considerations must be taken into account when interpreting our results. First, a variety of chemotherapeutic regimens was used. Although taxanecontaining regimens were the most commonly used in firstline chemotherapy, many heterogeneous regimens were used in second-and third-line chemotherapy. This is a consequence of the absence of well-established first-line chemotherapy and subsequent salvage chemotherapy for gastric cancer.
Second, due to the lack of randomized, blinded comparisons with placebo, it is unclear whether any of the subsequent salvage chemotherapies used in the study are actually better than best supportive care alone. However, many obstacles, including poor patient enrollment, are expected when conducting large-scale, randomized prospective trials in practice [16] .
QoL analysis was not included in the present study. Park et al. [22] suggested that second-line chemotherapy could improve the QoL of gastric cancer patients. Pretreatment QoL has been shown to have prognostic value in patients with esophagogastric cancer who receive palliative chemotherapy [26] . Analysis of improvement in QoL, in addition to survival analysis, needs to be performed in further trials.
Targeted agents previously tested in advanced gastric cancer, such as trastuzumab, cetuximab, bevacizumab, and sunitinib, were not used in our study. Therefore, suggested prognostic factors from our analysis cannot be generalized for the addition of targeted agents to chemotherapy.
Nevertheless, the results of our analysis have importance. To our knowledge, this is the first report that has suggested significant clinicopathologic prognostic factors for patients who received third-line chemotherapy for advanced gastric cancer. Because no prospective study has been performed in this specific setting, our findings can help to determine which patients might be appropriate candidates for additional chemotherapy. Moreover, it would be better to treat high-risk groups of patients with best supportive care instead of cytotoxic chemotherapy.
Conclusion
Selected patients with advanced gastric cancer who are in good general condition could be considered for third-line chemotherapy after the failure of second-line chemotherapy. We have demonstrated that ECOG PS, serum albumin, histologic type, and PFS under second-line chemotherapy are independent prognostic factors for survival in patients receiving third-line chemotherapy for advanced gastric cancer. The prognostic index based on these four prognostic factors showed distinct differences in survival rates among the different risk groups. Information from this analysis could facilitate individual patient risk assessments and the administration of more appropriate therapies for each patient. We should also consider toxicities from additional chemotherapy and the QoL of patients.
